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Newer structured reporting manners, the reporting and data system (RADS), have made vast
steps in improving standardized and structured reporting, allowing better communication
between radiologists and referring providers. This has been implemented in several fields:
breast (BI-RADS), lung (Lung-RADS), liver (LI-RADS), thyroid (TI-RADS), prostate (PI-
RADS), and in cardiovascular radiology (CAD-RADS). The field of nuclear cardiology began its
efforts of standardization years ago; however, a widespread standardized reporting structure
has not yet been adopted. Such an approach in nuclear cardiology, the nuclear cardiology
reporting and data system (NCAD-RADS), will assist radiologists and treating clinicians in
conveying and understanding reports and determining the appropriate next steps in manage-
ment. By linking explicit findings to defined recommendations, patients will receive more
consistent and appropriate care.
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INTRODUCTION

With the continued digitization of medicine, all
medical specialties must strive to adapt while improving
patient care. Although this presents unprecedented
challenges for the field of radiology, it also allows for
unique opportunities. In total, there are three main trends
in the digitization of medical imaging: (1) the reporting
paradigm, (2) computational and systems biology, and
(3) imaging informatics. Radiology must utilize these
trends to continue to promote its unique value to
patients, payers, and referring providers.'

The largest issue facing the reporting paradigm is
the widespread adoption of standardized and structured
reporting. If achieved, the field of radiology can become
the leader in digitized medicine, with searchable report
contents and feasible integration with other digitized
data.! The radiology community has worked to stan-
dardize the communication of results and interpretations
by developing numerous guidelines.” Although these
guidelines have been very valuable, heterogeneity in the
uniformity of the language and structure applied, as well
as unjustified final diagnostic conclusions among the
different guidelines, has limited their adoption into
clinical practice.” Newer structured reporting manners,
such as the ‘“*RADS,” have made vast steps in
improving these issues, allowing for better communica-
tion between radiologists and referring providers.*
Nevertheless, the continual frequent use of free-text
reports for most radiology dictations contradicts the
findings of several studies that represent how capturing
and analyzing medical data in a structured approach help
clinical decision making.’ The field of nuclear cardiol-
ogy began its efforts of standardization years ago.®’
However, a widespread standardized reporting structure
has not yet been adopted. Through a coordinated effort,
in time, nuclear cardiology imaging reports can accom-
plish a higher standard of communication with improved
comprehensibility in a concise, problem-oriented, and
data-driven manner.”*’

The importance of the ‘‘final report’’ in radiology is
highlighted by the fact that it is the main form of
communication between radiologists and referring pro-
viders. The dangers of non-interactive and nonverbal
reporting are the different interpretations referring
providers may arrive at through personal bias and the
inconsistencies in the communication applied within
reports. It is the usual understanding that radiology
reports should make available pertinent clinical infor-
mation and recommendations to ordering clinicians in
an understandable format, but only 86% of radiology
reports have been demonstrated to meet this standard.'”
Moreover, Bosmans et al.'' noted a statistically note-
worthy difference in not only the length and structure of
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radiology reports, but in their whole content between
practicing radiologists and radiology residents in mul-
tiple European nations. Likewise, discordance has been
depicted between radiologists and non-radiologists in
the degree of diagnostic confidence related to usually
applied phrasing in radiology reports.'> Many publica-
tions over the past decades have suggested different
practical and stylistic guidelines. General agreement as
to what constitutes a radiology report consists of: an
image acquisition protocol, a conscientious interpreta-
tion, and a deliberate clinical recommendation. In more
comprehensive proposals for the composition of an ideal
radiology report, Cramer et al. * and Weiss and Langlotz
13 illustrated the concept of a three-tiered system of
structured reporting. The first tier includes the use of
common headings, such as ‘‘Indication,”” ‘‘Findings,”’
and “‘Impression.”” This approach, by far the simplest, is
applied by radiologists throughout the world. The
second tier expands on the first by adding subheadings,
such as organ systems, developing what is known as
“‘itemized reporting”’.* The third tier centers around the
use of standardized language, and despite being by far
the most difficult to implement, is fundamental for the
creation of truly structured reporting.

RADIOLOGY LEXICON

Nowadays, there is remarkable variability in the
words applied by radiologists to prepare reports. While
this creates flexibility, it is also a cause of confusion. A
“‘lexicon’” is described as a vocabulary of words or
notions related to their meanings, which if adhered to
allow for clearness in communication.'* In addition, if
the meaning merged in each word or notion can be
linked within an established hierarchy, the term itself
can be categorized and compared. Notably, this also
enables radiology reports to become readily searchable
by systems, permitting rapid acquisition of meaningful
notions within reports to aid in ongoing analyses and
point-of-care questions.'

There have been efforts within the radiology com-
munity to develop standardized lexicons.'® For example, a
breast ‘‘mass’’ is described as ‘‘a space-occupying lesion
seen in two different projections’’ by the breast imaging
reporting and data system (BI-RADS) mammography
lexicon '° and as uptake with convex outward borders seen
on two projections with no interspersed normal uptake on
scintimammography by the gamma camera molecular
breast imaging lexicon.'”'® In spite of these efforts, their
applications have been limited, perhaps in part due to the
lack of obviously known intrinsic word or notion mean-
ing. In addition, these lexicons have not yet developed an
accepted larger hierarchy of meanings or notions.
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Outside the field of radiology, an illuminating
lexicon is the ongoing effort by Google called the
““The Knowledge Graph’’." In this megaproject, Goo-
gle is to “‘organize the world’s information and make it
universally accessible and useful.”” Using available free
online databases, as well as its own internal cataloging
of the Internet as a whole, Google is not only system-
atically developing a lexicon with the meanings of
words, but also with their associating within a hierarchy.
On that point, this type of structure would permit
precisely the kind of comparison and analysis that could
be done with radiology reports, if there is adherence to
an agreed-upon lexicon. By extension, when searching
for notions or concepts, even if the exact word is not
applied in the query, the system retains the capability to
return meaningful information.’

LEARNING FROM THE *RADS

The radiology community, with an ongoing coordi-
nated effort by the Radiologic Society of North America
(RSNA) titled RadLex, is developing a comprehensive
vocabulary for radiology reporting.”’ This effort is
focused on developing a single language that can be
used to characterize prominent aspects of an imaging
examination (e.g., modality, technique, visual features,
anatomy, and pathology)."

The early efforts for standardization were made in
the late 1980s through the creation of the first version of
BI-RADS, established by the American College of
Radiology (ACR).?! In addition to BI-RADS, standard-
ized reporting has been introduced for several other
fields, including: the liver imaging reporting and data
system (LI-RADS),* lung CT screening reporting and
data system (Lung-RADS),” ACR thyroid imaging
reporting and data system (ACR TI-RADS),** and
prostate imaging reporting and data system (PI-
RADS).* In cardiovascular radiology, the coronary
artery disease reporting and data system (CAD-RADS)
was developed, which can be applied to coronary CT
angiography in patients with suspected or known
CAD.?® These attempts have been widely accepted by
third-party payers and the Institute of Medicine as a part
of strategies to decrease medical errors that may affect
patient outcomes.*

Though most radiologists are aware of the *RADS,
many may be surprised by the efforts needed for their
development. The ACR organized national and interna-
tional radiology communities, as well as related
specialties, in a concerted effort to create the *RADS.?
After the first draft proposal, several stages of feedback
and iterative revision were needed before the prelimi-
nary consensus versions were published. The panels
worked on comprehensive lexicons of controlled
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terminology, uniform reporting, evidence-based man-
agement, and appropriate imaging techniques and
diagnostic approaches. Afterward, further investigation
and updates to these systems were performed, with the
inclusion of illustrative atlases and reporting guidelines
in efforts to promote and simplify their application.?

A main part of the *RADS which has helped
achieve the aim of delivering clear and concise reports
to referring providers is their associated lexicon, also
named ‘‘common data elements.”” The use of a stan-
dardized and consistent language style has been
demonstrated to promote diagnostic interpretation,
improve interobserver consistency, and allow for easier
data retrieval and billing while reducing turnaround time
and decreasing typographic and dictation errors.”?’
Moreover, studies have depicted that consistent termi-
nology can add emphasis to the interpreting radiologist’s
confidence, considerably influencing a clinician’s deci-
sion to follow a radiologist's recommendations.?®
Structured reporting has also been shown to help
improve auditing and analysis of data through the
application of distinguishable and consistent terminol-
ogy, which has opened up new and more simplified
avenues for research and quality improvement.” As
D’Orsi and Kopans mentioned more than 20 years ago,
without standardized terms to report the important
characters, there is no ways of training or acquiring
objective data to progress our specificity.?’

There must be a concise and systematic description
of findings in language familiar for both clinician and
radiologist to result in consistent recommendations.
Furthermore, standardized reporting has assisted in the
understanding of the potential medicolegal conse-
quences of the language applied in radiology reports
and may offer potential protections for practicing
radiologists.*®

FUTURE OF RADIOLOGY REPORTING

As radiologists adapt structured reporting, with a
standardized linked lexicon, several opportunities will
become possible. Once the concept of structured report-
ing becomes more familiar, there will be incremental
national, and perhaps international, standards for report-
ing templates. These standards will permit for rapid
acquisition and comparison of data for research. The big
data pooled from many sources may help in developing
a large-scale platform for radiology disease analysis.'

Once structured reporting and lexicons become
standardized, the next generation of reporting systems
will be created. One promising reporting system being
developed is the ‘‘Multimedia Structured Reporting,”’
presently being pioneered by David J. Vining, MD, of
the Image Processing and Visualization Laboratory at
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The University of Texas MD Anderson Cancer Center in
Houston.”® His product (ViSion) permits multimedia to
be merged into the report itself, seamlessly integrating
information, such as user-obtained measurements,
directly into reports without requiring dictation."

As our communication essentials and expectations
alter with new technologies, the medical information
that we want to communicate will change as well.
Between clinical, imaging, laboratory, and genetic
information, referring physicians in the future will face
more data than can be handled by one person. Effective
incorporation of these varied types of information using
‘‘computational biology’’ or ‘‘systems biology’’ will be
essential to distinguish risk and implement of a treat-
ment plan, including suitable imaging in which the role
of radiologists will be crucial.®’ In addition, with the
increasing contributions of non-physician providers in
the clinical care team, information incorporation and
patient-centered imaging approaches will be critical for
patient care quality and are best made available by
radiologists."

STEP TOWARD A COMMON LEXICON
IN NUCLEAR CARDIOLOGY

Nuclear cardiology use is rapidly growing, and
multiple investigations have shown its value in promot-
ing patient care. Nonetheless, nuclear cardiology
providers range across the cardiology, radiology and
nuclear medicine specialties and each has developed
their own styles. In daily practice, these discrepancies
are especially evident in two fields: the management of
referrals for nuclear cardiology tests and the communi-
cation of results. The former gets more attention with
constant discussions of proper use criteria and indica-
tions for tests by the American Society of Nuclear
Cardiology (ASNC) and other international organiza-
tions.>? In contrast, the communication of the findings
has been given significantly less attention. It is therefore
imperative that more work is done to create structure
and standardization for nuclear cardiology examination
reports.33

In the era of cardiovascular radiology, the pertinent
societies developed CAD-RADS, with the goal of
standardizing coronary artery disease severity while
incorporating clinical approach recommendations after
coronary computed tomography angiography
(CTA).?*33 Standardized reporting is a main quality
element of care within cardiovascular imaging.**>’
Presently, all cardiovascular radiology modalities have
documents for standardized reporting, which include
integral parts for image interpretation (e.g., resting heart
rate, obstructive stenosis, radiation dose).m’m’3 5-38 Bven
pretest clinical indications for examinations have been
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aggregated into multimodality appropriate use crite-
ria(AUC) (i.e. appropriate, maybe appropriate, or rarely
appropriate indications).*®

In the field of nuclear cardiology, there are very
limited documentation and recommendations guidelines
on reporting imaging examinations. The ASNC pub-
lished a report to provide imaging guidelines for
practitioners who are qualified to practice nuclear
cardiology, which was an update of a prior image
reporting guideline.”*? In addition, a European position
statement—a joint paper by the European Association of
Nuclear Medicine (EANM) and the European Associa-
tion of Cardiovascular Imaging (EACVI)—was
developed in an effort to standardize nuclear cardiology
reports.® While these efforts have laid the foundation for
standardized nuclear cardiology reporting, an interna-
tionally standardized reporting structure and lexicon has
yet to be developed and adopted on a large scale.
Furthermore, due to the remarkable developments in
nuclear cardiology, including different modality and
hybrid systems, the need for structured reporting is more
crucial than ever.®'?2°

The development of a common lexicon linking
report findings to actionable recommendations will
facilitate reporting structure and communication to end
users. Such an approach in nuclear cardiology, the
nuclear cardiology reporting and data system (NCAD-
RADS), will assist radiologists and treating clinicians in
conveying and understanding reports and determining
the appropriate next steps in management. Linking
explicit diagnoses to defined recommendations for
downstream actions are likely to develop consistency
in patient care across the spectrum of care providers
with different expertise.

It should be mentioned that such protocol could be
achievable by collaborative efforts of nuclear medicine,
cardiology, and radiology societies with an endeavor to
take the best ideas from all stakeholders from national
and international communities, with the main goal
towards improving patient care. The consideration of
different parties in the creation process promoted con-
sensus and facilitated acceptance of the first reporting
and data system, BI-RADS, and we are certain this
collaborative effort will bear the same fruit.

In conclusion, the advantages of creating a well-
defined reporting format and common lexicon in the
field of nuclear cardiology, nuclear cardiology reporting
and data system (NCAD-RADS), have vast implica-
tions: creating an infrastructure of consistent expression,
improving communication, and establishing a format for
clear, best practice, patient management guidelines.
Additionally, this will allow for increased consistency of
information, facilitating the acquisition and comparison
of research data. The widespread adoption of
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standardized guidelines may facilitate uniformity in
patient care across a spectrum of providers with differ-
ing expertise and assist in auditing and education.
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